While the use of satellite weather files is a possibility in regions without terrestrial stations, it is necessary to consider their impact on daylight simulations. This paper aims to verify the variability of dynamic daylight simulation results according to the weather file used. This study compares the results of daylight simulations in learning spaces using different weather files (land-based station data and satellite data). This work is divided into three main stages: comparative analysis of climatic databases; comparative analysis of annual outside horizontal illuminance; analysis of dynamic daylight performance metrics. Annual calculated dynamic daylight metric indicates variations of up to 13% under the different weather files analysed. This is a relevant topic since the accurate prediction of daylight levels for indoor environments guides daylighting design.
Introduction
An accurate estimation of the quantity of incoming light is necessary for an evaluation of the visual capacity and energy efficiency provided by daylight. 1 The most adequate stage for determining the behaviour of indoor daylighting takes place during the design phase, when the location, configuration, window placement and shading devices are formulated. These decisions affect the quantity and quality of lighting, costs, views, solar gain and energy use. Furthermore, daylight enhances the performance and productivity of the inhabitants, affects mood and plays a fundamental role in the regulation of the human circadian system. [2] [3] [4] [5] [6] One of the problems of daylight design is the correct determination of its availability during the year and its great variability over time. The need to predict indoor daylight variations according to different factors (building orientation, weather conditions, time of day, etc.) has led to the development of multiple advances in the numerical analysis of daylight. Some of the main developments within this topic are: Predictive calculations based on the International Commission on Illumination (CIE) sky models (CIE overcast, CIE clear, CIE sunny) -static simulation 7, 8 climate and sky luminance distribution datadynamic simulation. 9, 10 Dynamic simulations consist of different computational steps.
The first is the definition of the external luminous conditions that characterize the location and correspond to each hour of the year. Software used for dynamic daylight simulations can calculate these luminous conditions by using the direct and diffuse irradiance (IDif) values contained in weather data files in conjunction with sky luminance distribution models. 11 On a sunny day, the main light source in the sky comes directly from the sun. But, as direct sunlight disperses in the atmosphere, the sky itself becomes a source of visible light, i.e. we divide the sunlight into direct and diffuse components. For clear or sunny skies, as is the usual case in Mendoza and many other cities of the world, the sky luminance distribution model can create accurate predictive simulation results. Also, in contrast to the CIE sky model used in static simulations, the Pe´rez sky model (radiance) can predict annual lighting conditions for an area based on the climate data of the studied region. Climate data files contain information about date, time and location as well as direct and IDif values, which, in combination with the Pe´rez model, allow for the calculation of the sky luminance distribution. 12 Nowadays, tools used for predictive simulations can accurately model indoor daylight behaviour, reducing the demand and use of scale models. However, these models require an accurate description and characterization of the light source -global and direct irradiance (ID). 9 Thus, the availability of global solar radiation distribution data is crucial. Weather data files, like the ones offered by the Illuminating Engineering Society (IES), thermal analysis simulation software and EnergyPlus, are employed in order to characterize the annual weather of a location under study with higher precision. Climate files may be presented in different formats: Test reference year, typical meteorological year, example weather year; however, all climate files contain typical annual weather patterns on an hourly basis (8760 h/year). Still, most scientists and project designers studying daylight in clear sky regions do not have this data for their location from weather stations. 11 An alternative to these methods of interpolation-extrapolation of data from weather stations is the use of satellite information. This involves the use of weather data offered by commercial software (e.g. Meteornom) or companies involved in the development of satellite weather databases (e.g. weather analytics). The accuracy of satellite values depends on the resolution of the image. Thus, satellite solar irradiation values associated with large pixels involve considerable climatic and topographic variability, and these can generate high levels of uncertainty about the information provided. 13 This paper aims to verify variations concerning daylight simulation results and the type of weather file employed. This study compares the results of daylight simulations in a classroom obtained with different weather data files -satellite data and land-based station data -for Mendoza (Argentina). This is a relevant topic since the accurate prediction of indoor environmental daylight levels guides' daylighting design and its integration with electric light systems; therefore, different simulated daylight indicators and illuminance values may have a significant impact on the prediction of energy consumptions caused by different design options. 14 16 The conversion of radiation units (W/m 2 ) to photometric units (lx) is carried out using the daylight coefficient. 17, 18 The annual availability of daylight (lumen per square metre [lux] ) is quantified through dynamic daylight simulations with an unobstructed exterior horizontal illuminance (Eh) sensor, located at a height of 0.80 m. Annual and seasonal results are analysed in three ranges of illuminance: 10,000 lx, 10,000-100,000 lx and 100,000 lx, with the SeasonSIMß v.1.0 tool. 18 The importance of the seasonal analysis for clear sky conditions and the specific case of the region under study lies in the significant differences of global illuminance availability between summer and winter periods (60,000 lx).
In addition, this investigation compares the variability of annual and seasonal dynamic daylight simulation results (adjustable useful daylight illuminance (aUDI) and spatial daylight autonomy (sDA)) according to the selected climate files. This section aims to further analyse the variability of the availability of daylight within a space according to ARG_MzaMN6 and ARG_MzaCCT sky conditions. Two typical classrooms of a regional school were used to perform the simulations in indoor spaces. Each has different window orientations: north-south (NS) and east-west (EW).
The study was conducted in the City of Mendoza, Argentina. The metropolitan area of Mendoza is located in a semi-arid region of western Argentina. The sky is predominantly sunny, 83% of the year, or partly cloudy with presence of sun (Argentine National Weather Service for the period 1981-1990). The average annual number of hours of sunlight is 2850 h. Mean maximum global illuminance values are 90,000 lx in summer and 30,000 lx in winter. 20 The clear sky -dynamic sky condition -of this region is particularly interesting for the study of the daylight performance of buildings through dynamic daylight simulation.
Weather data files
Simulations were performed using three different weather data files: ARG_MzaMN6 and ARG_MzaAP (satellite dataMeteonorm) and ARG_MzaCCT (landbased station data -INCIHUSA station). As mentioned in prior studies, 16, 21 there are currently no weather data files for Mendoza City in predictive software such as DAYSIM or EnergyPlus. Therefore, it was necessary to generate a weather data file based on logs from the daylight station at INCIHUSA CCT Mendoza This station belongs to the IDMP network and records the values of global horizontal radiation, diffuse horizontal radiation, global horizontal illuminance and diffuse horizontal illuminance. These data are taken automatically by a micro-controller MC68H11 through four sensors (horizontal illuminance and irradiance, global and diffuse, respectively) and are checked in accordance with the quality controls established by CIE 22 for the worldwide stations network. The climate file generated, ARG_MzaCCT, provides validated, reliable, global horizontal and IDif data for Mendoza City.
On the other hand, Meteonorm is a product developed by METEOTEST, with experience in the field of meteorological databases for energy applications. The database is made up of data from 8325 weather stations worldwide along with five geostationary satellites with global coverage. In areas with few meteorological stations, the parameters measured (radiation, temperature, humidity, rain, precipitation, precipitation days, wind speed and direction, sun hours, global UVA) are based on satellite data. The weather data obtained for the city of Mendoza were ARG_MzaMN6 (latitude À32.70; longitude 68.00; Time zone 60, site elevation 780 msm) and ARG_MzaAP (latitude À32.83; longitude 68.78; time zone 60; site elevation 704 msm). The extensions for the weather files provided by the software are: weather file EnergyPlus (*.epw), data synthesis report (*.stat) and daily design conditions (*.ddy), information about aspects and limitations of Meteonorm (*.info) and details of the statistics process (including errors) (*.audit).
Daylight simulations
Daylight simulations were performed with Daysim (v3.1 e beta). Daysim is a radiancebased tool developed by the National Research Council of Canada and the Fraunhofer Institute for Solar Energy Systems, Germany. This software employs optimization methods for the calculation of luminance and luminance-distribution under different annual weather conditions under the Perez sky model. Likewise, it provides different metrics for predictive daylight annual analysis such as daylight autonomy (DA), 23 continuous daylight autonomy 18 and useful daylight index (UDI). 24, 25 The simulation parameters used in Daysim correspond to a simple scene of translucent, transparent and opaque elements without a complex daylighting system 10 (ab) 5; (ad) 1000; (as) 100; (aa) 0.1; (ar) 300; (dt) 0; (ds) 0. A target illuminance of 500 lx on the workplane was considered (IRAM AADL J20 04 and EN 12464-1 Light and Lighting -Lighting of Work Places -Part I: Indoor Work Places, 2011). In order to analyse the luminous behaviour inside the space, two dynamic daylighting metrics were selected: aUDI 26 and sDA. The selection Variability in dynamic daylight simulation 511 of these metrics enables, on the one hand, the identification of the percentage of occurrence of illuminance within a given range; and, on the other, the detection of sufficient daylight.
aUDI
This metric is based on the useful daylight illuminance (UDI) 24, 25 and its limitation in the adjustment of the lower and higher limits of the illuminance range. In this way, the aUDI percentage represents illuminance occurrence (as a point or on a grid) within a useful range throughout the year. The importance of this metric, with respect to UDI, is the possibility of adjusting the range considered 'useful', according to the specific requirements of the assessments. In this case study, based on existing national standards IRAM AADL J2004, the upper and lower limits selected in the useful range are 500 lx and 2500 lx, respectively (aUDI 500-2500 lx ). In a complementary way, lower (aUDI 5500 lx ) or higher (aUDI 42500 lx ) than the useful range values are assessed. In order to deepen the study, the percentage of space with an aUDI 500-2500 lx larger than 50% is analysed. As proposed by the IES LM-82-12 27 with indicators sDA and annual sunlight exposure, this analysis gives a clear vision of the area percentage that meets illuminance values, within the established range for specified fraction of the operating hours per year (50% of the hours).
sDA
This metric describes the adequacy of ambient daylight levels within interior environments, annually. It is defined through a percentage of an area of analysis that meets minimum daylight illuminances for a specified fraction of the hours of the year that the space is occupied. The illuminance level and time fraction are included as subscripts, as in sDA 500,50%. The sDA value is expressed as a percentage of area. 27 As proposed by the IES LM-82-12 27 with the indicator sDA, this analysis gives a clear vision of the area percentage that meets illuminance requirements within the established range for a specified fraction of the operating hours per year (50% of the hours).
Two sets of simulation results were obtained, corresponding to each space, according to the two analysed weather data files (ARG_MzaMN6, ARG_MzaCCT). The study is based, first, on the comparative annual analysis of the results obtained relative to outside horizontal illuminance; and, second, on the particular case of aUDI (aUDI 5500 lx ; aUDI 500-2500 lx ; aUDI 42500 lx ); aUDI 500-2500 lx, 50% and sDA 500 lux, 50% at different times of the year (annual and seasonal), which are analysed within the hours of available sunlight (acronym in Spanish, HsDRS) ( Table 1 ). The seasonal analysis is carried out with SeasonSIMß v.1.0, 19 a post-processing statistical tool for dynamic daylight analysis. The main objective is to broaden the dynamic analysis of useful daylight ranges while preserving a rigorous ray tracing methodology used in the simulation tools (radiance). The main features are: (i) to provide adjustable ranges for the analysis of daylight through the aUDI and (ii) to study, according to the season, the main daylight dynamic metrics. With the 
Space configuration
The institution selected for simulation is the School of the Republic of Chile (no. 1256) (Figure 2 ). This educational building is located 3 km from the capital of the province of Mendoza (328 52 0 49 00 S, 688 52 0 45 00 W À 853 msm) in an area of medium building density. Within the institution, two classrooms, one with EW window orientation (A2) and one with NS window orientation (A3), were selected ( Figure 3 ). Classroom A3 and classroom A2 have glazed areas, at eye level, which cover 90% of the length of the fac¸ade. These are located on the south fac¸ade in A3 and on the east fac¸ade in A2. In classroom A3, north fac¸ade windows are located at the top of the wall and are partially obstructed by outside trees (Cupressus sempervirens, evergreen tree with a pyramid shape). In classroom A2, the west facade windows are located at the top of the wall. The analysis grid used in both cases to perform the simulations is 7.95 m Â 6.00 m (47.7 m 2 ) and was located at a height of 0.80 m from the floor and included 12 sensors. It is noteworthy that the glassed surfaces do not have shading devices. Surface reflectances 
Results

ID and IDif
The statistics from the three analysed databases -ARG_MzaMN6, ARG_MzaAP and ARG_MzaCCT -for values of annual ID (MN6_ID, AP_ID and CCT_ID) and IDif (MN6_IDif, AP_IDif and CCT_IDif) over 1 W/m 2 are presented in Table 2 . The time period considered in the analysis was confined to those hours that solar radiation is available as a resource for lighting.
The analysis focuses on the parameters of mean (X), standard deviation (DS) and asymmetry (A) obtained for ID and IDif. First, it can be observed that the major difference between arithmetic means (ÁX) of ID was 83. 4 
Outside horizontal illuminance
In this section, the annual occurrence of Eh 10,000 lx, Eh ¼ 10,000-100,000 lx and Eh4100,000 lx, obtained by simulation, under ARG_MzaMN6 and ARG_MzaCCT conditions (Table 3) are analysed. Table 3 shows that by comparing the values of exterior horizontal illuminance under condition ARG_MzaMN6 and condition ARG_MzaCCT, annual values of Eh 10,000-100,000 lx are overestimated by 22%. However, for Eh 510,000 lx and Eh4100,000 lx, these conditions are reversed and are underestimated by 6% and 16%, respectively. When analysing the variations according to seasonal periods, it is verified that the annual overstatement found within the range of 10,000-100,000 lx occurs differentially in the summer (19%), spring-fall (33%) and winter (6%) periods. Likewise, the Eh 510,000 lx and Eh4100,000 lx categories maintain an annual underestimation in all periods analysed, steeper in the summer (13%) and spring-fall (24%) periods. 
aUDI and sDA
The following section discusses the results of the dynamic daylight simulations. In more detail, this section will report the analysis of the results from spaces (A2) and (A3) in terms of aUDI (aUDI 5500 lx , aUDI 500-2500 lx , aUDI 42500 lx ) and daylit area (aUDI 500-2500, 50%, sDA 500 lx, 50% ) values. Dynamic daylight metric results are summarized in Tables 4  and 5 .
Classroom A2 with EW window orientation
Results indicate that annual values of aUDI 500-2500 lx are overestimated by 6% under MN6 sky condition. This behaviour is also observed in the summer (5%), spring-fall (6%) and winter (7%) periods. Values located below and those above of the useful range are underestimated by 4% (aUDI 5500 lx ) and 2% (aUDI 42500 lx ) for the MN6 condition. Seasonal differences of aUDI 500-2500 lx do not exceed 7%. The results of the aUDI metrics under different sky conditions are displayed in Table 4 . According to the analysed daylit area with aUDI 500-2500 lx, 50% , an annual overestimation of 19% in MN6 conditions is observed with the main difference in the spring-fall period (25%). The metric sDA 500 lx, 50% also presents an overestimation of 8% under condition MN6.
Classroom A3 with NS window orientation
Under different sky conditions (satellite data and land-based station data), this space presents annual values of aUDI 500-2500 lx with an overestimation of 13% for MN6 with respect to the CCT sky condition. This behaviour is constant in the summer (2%), spring-fall (11%) and winter (27%) period. Thus, the sky conditions created using MN6 results in annual and seasonal percentages of daylight availability in the usable range (aUDI 500-2500 lx ) are higher than those obtained by the CCT data. In Table 5 , the annual impacts of sky conditions on illuminance values located above and below the useful range (aUDI 500-2500 lx ) are analysed. Regarding aUDI 5500 lx , it shows an underestimation of 13% under the MN6 condition. For higher annual illuminance values (aUDI 4 2500 lx ), no differences were found. However, in a more detailed analysis of illuminanceseasons -values below and above of aUDI 500-2500 lx, display important differences according to the used weather file type. The main difference (27%) of aUDI 500-2500 lx was found for the winter period. The results of the aUDI metrics are displayed in Table 5 . For classroom A3, with NS surfaces of glass, a 34% annual overestimation of aUDI 500-2500 lx,50% and a 31% annual overestimation of sDA 500 lx, 50%, can be observed under MN6 conditions when compared to the CCT conditions. Main differences are seen in the winter period. According to the seasonal analysis, the main difference is observed during the winter, with an overestimation of 84% of the daylit area under the MN6 condition.
Discussion
Global surface solar irradiation is necessary information for the design and evaluation of environments employing daylight. The usefulness of local weather files lies in the correct calibration and precision of dynamic daylighting simulations. While the use of satellite weather files is a possibility in regions without terrestrial stations, it is necessary to know and consider their influence on dynamic simulations. This is of fundamental importance when choosing an adequate daylighting strategy during the design phase. This paper presents comparisons between the results obtained from simulations using different weather data files of the available exterior global horizontal illuminance and indoor horizontal illuminance in two classrooms located in Mendoza City (Argentina). Variability in dynamic daylight simulation 517
and an overestimation of the IDif (4X ¼ 29.12 W/m 2 ) while maintaining a similar dispersion for both cases. Subsequently, sky conditions were generated from climate files: ARG_MzaMN6 and ARG_MzaCCT in order to quantify their effects on dynamic daylighting simulation results. A comparison between the outside global horizontal illuminance (Eh 10 000-100 000 lx ) demonstrated that the use of the two selected weather files causes differences in the simulation results of up to 24% (annual). Furthermore, an overestimation of 22% for the exterior horizontal illuminance (Eh 10 000-100 000 lx ) was detected under ARG_MzaMN6 sky condition, and an underestimation was detected for Eh 510 000 lx and Eh4100 000 lx, of 6% and 16%, respectively. These results are consistent with previous research developed in the region, 13 where overestimations in satellite values regarding terrestrial values were found.
The present study also demonstrates that there are variations in daylight simulation results obtained with different weather files. In the classrooms analysed the most important variations were found for the aUDI and sDA indicators in the NS window orientation (A3) space. For the aUDI 500-2500 lx , an annual underestimation of 13% and seasonal underestimation 27% (winter period) were found under condition MN6. An annual overestimation of 31% and a seasonal (winter period) overestimation of 84% were found in relation to the daylit areas (sDA 500 lx, 50% ). From these results, the direct influence of statistical variations found between the analysed bases is evidenced in daylight dynamic simulation results. It is evident that these differences influence the creation of the sky model obtained from the predictive analysis of daylight. Importantly, this paper initiates a series of new studies that delve deeper into this subject. These results influence the prediction of minimum and maximum illuminance values and, more importantly, the selection and design of solar control strategies so as to avoid thermal and visual discomfort. This may lead to window blocking, thus generating shady spaces and the subsequent requirement of electricity for daytime lighting. 28 
Conclusions
The use of dynamic metrics offers a more representative and sensitive context for studying daylight conditions. However, new challenges arise based on the correct manipulation and loading of required inputs (geometry, grid, materials and weather record). Although high accuracy is currently provided by computer-assisted designed (CAD) environments -geometry and grid -and bidirectional scattering distribution functions (BSDF) materials, such precision is not found in the weather data input. Therefore, an objective of this work is to contribute to the comparative analysis of weather data files -satellite and land-based. Results show that weather files influence daylight predictive simulation outcomes and that there are differences in daylight simulations according to the weather data file used. Even though such differences are usually not significant, in some cases, they are very relevant. Therefore, a further step in this research project is the evaluation of such differences on energy consumption and the prediction of visual comfort.
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